1. Introduction
===============

Polycystic ovary syndrome (PCOS) affects 1 in 15 women worldwide. It is a heterogeneous clinical condition, and is the commonest endocrine disorder at reproductive age, varying from 6--10%, according to diagnosing criteria ([@b1-epj-09-5697]--[@b3-epj-09-5697]). In Saudi Arabia, the prevalence of PCOS is still unknown, but it is believed that it might be similar to that of other reports ([@b4-epj-09-5697]). Along with classic chronic anovulation and hyperandrogenism, PCOS also leads to a higher risk of cardiovascular problems associated with insulin resistance such as type 2 diabetes mellitus, systemic arterial hypertension, glucose intolerance, obesity, dyslipidemia, and metabolic syndrome (MS) ([@b5-epj-09-5697], [@b6-epj-09-5697]). Metabolic syndrome is another cluster of endocrine disturbances, including insulin resistance, dyslipidemia, obesity, and hypertension. Individuals with MS often have the phenomena of clustering of these major cardiovascular risks (CVR) factors, which dramatically increases the risk for development of cardiovascular disease (CVD) ([@b7-epj-09-5697]). In Saudi Arabia, the prevalence of MS in women with PCOS was estimated to be 52% ([@b8-epj-09-5697]). Clinical trials and epidemiologic studies support the necessity to detect PCOS in women to determine their risk of cardiometabolic disorders in order to prevent and treat its serious consequences ([@b9-epj-09-5697]). Many studies have underlined the connection between PCOS and the metabolic/CVR profile of such female patients, but results of these studies are controversial regarding whether the development of MS in these patients was dependent or independent on abdominal obesity ([@b10-epj-09-5697]--[@b12-epj-09-5697]). Stepto et al. indicate that the adverse impact of obesity was more in PCOS. Overweight women had similar insulin resistance to slim women with PCOS, so women with PCOS are effectively metabolically equal to obese, non-PCOS women ([@b12-epj-09-5697]). Investigating the clinical and biomedical profile in Saudi Arabian women with PCOS will allow for better understanding of changes in their metabolic parameters and will help to determine the most important risk factors that would predict for MS and CVR in these patients. Previous studies have indicated that individuals with MS encompass a broad range of CVD risk levels ([@b13-epj-09-5697]). Assessment of the global risk of CVD among women with MS associated PCOS who showed different clustering of MS criteria will better characterize the diversity in their CVD risk and will help to most appropriately target the interventions for prevention of CVD. Little information is available, to our knowledge, on the degree at which CVR factors in patients with MS associated PCOS meet the recommended levels on the basis of evidence-based recommendations. Biochemical, morphological and functional markers of early CVD in PCOS are well-established to identify cardiovascular morbidity ([@b14-epj-09-5697]). Such information may be of use to clinicians in deciding how they should approach risk assessment in women with MS associated PCOS, as well as how aggressively to treat it. Thus, we conducted this survey to determine the prevalence of MS among patients with PCOS, investigating the metabolic profile and CVR in women with PCOS and assessing the degree at which CVR factors in patients with MS associated PCOS meet the recommended levels.

2. Material and Methods
=======================

This cross-sectional study was conducted in the infertility clinic of King Khalid Hospital from February 2014 through December 2014. Infertile women aged 15--45 years who agreed to participate in our study after obtaining an oral consent were recruited. Four hundred and four infertile women were randomly selected assuming that the prevalence of metabolic syndrome is 50% probability. The sample size was calculated using the formula n=z2pq/d2 where z=95% confidence (1.96), p=prevalence of metabolic syndrome in KSA, q=100-prevalence, and d=tolerated error. Women previously diagnosed with hypertension or diabetes mellitus, women under treatment with Metformin (a drug that could alter the metabolic parameters in women with PCOS) or under any hormonal treatment were excluded. Participating women were investigated for clinically diagnosed PCOS using Rotterdam consensus (RC) ([@b15-epj-09-5697]) as a first step. Menstrual history, clinical examination, transvaginal ultrasound examination, and biochemical blood analysis were performed (blood samples were taken after 12-hour overnight fast), and women with/without PCOS were further investigated for MS using the International Diabetes Federation criteria ([@b16-epj-09-5697]). The ten-year probability of developing hard coronary heart disease outcomes (myocardial infarction and coronary death) were estimated on the basis of the Framingham risk score (FRS) ([@b17-epj-09-5697]) for all participants. Blood pressure was measured using a mercury sphygmomanometer after a 10-minute rest period in a supine position; two separate measurements were performed with a 5-minute interval. Blood samples were taken after a 12-hour overnight fast. Plasma glucose, total serum cholesterol (TC), HDL, and serum TG were determined by spectrophotometry according to standard colorimetric methods ([@b18-epj-09-5697]). Low-density lipoprotein cholesterol (LDL) value was calculated with the Friedewald equation ([@b19-epj-09-5697]). On the basis of the Framingham risk algorithm, and classified according to the American Heart Association (AHA)/National Heart, Lung, and Blood Institute (NHLBI) scientific statement on MS ([@b20-epj-09-5697]), patients were diagnosed to have low (\<6%), moderate (6 to \<10%), moderately high (10--20%), or high (\>20%) 10-year probability for coronary heart diseases. Cardiovascular risks were stratified according to different combinations of MS criteria. Subjects with measurements that are not at the recommended levels for HDL, TG, systolic/diastolic blood pressure, fasting plasma glucose, and LDL were identified, and mean distance to recommend level was calculated. The distance from goal was determined as the difference between the actual level and recommended goal. For people with diabetes, goals for blood pressure are \<130/80 mmHg, and for nondiabetics, \<140/90 mmHg. The LDL cholesterol goal for those with a low risk is \<4.12mmol/l, for those with a moderate to moderately high risk (6--20%) is \<3.37mmol/l, and for those with a high risk (\>20%, diabetes, or CVD) is \<2.59 mmol/l. The goal for FG is \<5.5 mmol/l, for HDL cholesterol is 1--1.5 mmol/l, and for TG is \<1.7mmol/l, on the basis of revised AHA/NHLBI MS recommendations ([@b21-epj-09-5697]). The IBM© SPSS© Statistics version 22 (IBM© Corp., Armonk, NY, USA) was used for data analysis. Means ±SD, frequencies and percentages were used in the descriptive analysis. The independent-samples t-test and Chi-square were used to test for the statistical significance of differences between quantitative and qualitative data respectively. Backward Logistic regression analysis was performed to determine the factors predicting for the occurrence of MS in the studied population.

3. Results
==========

Of the total number of 404 infertile women, 76 were diagnosed to have PCOS (18.8%). It was found that 12 women in the PCOS group and 44 in the NO PCOS group had diabetes (15.8%, 13.4% respectively). From the total number of 404 infertile women, 148 were diagnosed to have MS (36.6%). Results revealed that 44 from the total number of 76 PCOS women were diagnosed to have MS (57.9%), From the total number of 328 NO PCOS women, 104 were diagnosed to have MS (31.7%), and this difference was found to be statistically significant (p\<0.00) ([Table 1](#t1-epj-09-5697){ref-type="table"}). In the youngest age category, and in the PCOS group, MS was present in only 25% of the women in this age. In the middle age group, women who have MS are two times more than those who do not. In the older age category, the women who have MS are four times more than those who do not. There was no statistically significant association between the presence of PCOS and the development of MS (p\>0.05) in the youngest age category. In the oldest age categories, there was a statistically significant association between PCOS and the development of MS (p\<0.05) ([Table 1](#t1-epj-09-5697){ref-type="table"}). In all, 68% of patients who have PCOS were obese compared to 56.8 in NO PCOS patients, and this difference was found to be not statistically significant (p\>0.05). In the BMI categories below 30, there was no statistically significant association between the presence of PCOS and the development of MS (p\>0.05). In the BMI category ≥ 30, 85% of PCOS women have MS compared to 47% in the NO PCOS group and this difference was found to be statistically significant ([Table 2](#t2-epj-09-5697){ref-type="table"}).

All clinical and biochemical factors in patients with MS showed statistically significant higher mean values (HDL showed significantly lower mean value) in the PCOS group compared with the NO PCOS group, except for systolic BP ([Table 3](#t3-epj-09-5697){ref-type="table"}). All risk factors showed a statistically significant higher mean distance to recommended levels in patients with PCOS compared to the NO PCOS group except for blood pressure and FBG ([Table 4](#t4-epj-09-5697){ref-type="table"}). Examined cardio-metabolic risk factors in the NO PCOS group model of backward logistic regression analysis did not show any predictive factor. In the PCOS group model, the predictive variables for the development of MS were: increased weight, large waist circumference, low HDL ([Tables 5](#t5-epj-09-5697){ref-type="table"}, [6](#t6-epj-09-5697){ref-type="table"}). Results also revealed that 10% from a total number of NO PCOS, and 23% from a total number of PCOS patients who have MS showed a moderately high risk of developing CVD. All PCOS without MS and all NO PCOS patients showed a low risk of developing CVD. Furthermore, 63% of PCOS and 53.8% of NO PCOS women with MS have clustering of 3 metabolic risk factors. More women in PCOS with MS group have clustering of 5 criteria of MS compared with the NO PCOS with MS group (18.2% and 7.7% respectively), and the difference was found to be statistically significant (p\<0.05) ([Figure I](#f1-epj-09-5697){ref-type="fig"}).

4. Discussion
=============

Polycystic ovary syndrome is the most common endocrine disorder in reproductive age women. It affects approximately 7--12% of the population worldwide ([@b22-epj-09-5697]). In our study, by using RC for diagnosing PCOS, the prevalence of PCOS in the examined infertile women was found to be 18.8%. This higher PCOS prevalence compared with the previously estimated one could be due to the higher sensitivity of RC diagnostic criteria used nowadays in the diagnosis of this disease. A community-based study in Australia conducted in 2010 using the RC, showed the prevalence of PCOS to be 18% (17.8 ± 2.8%) which is in agreement with the result of our study ([@b2-epj-09-5697]). Patients with PCOS showed high obesity prevalence compared to that in the NO PCOS group (68% and 58% respectively). This was in agreement with a previous study which stated that obesity is a prevalent characteristic of PCOS, and ranges from 12.5% to 100% ([@b23-epj-09-5697]--[@b25-epj-09-5697]). In our study, the prevalence of MS in PCOS women was found to be more than the NO PCOS group with statistical significance in difference. Previous studies showed a higher prevalence of MS in PCOS compared to the NO PCOS group, with a marked variation in MS prevalence in PCOS women of different countries and ethnic groups. Authors have explained this variation to be due to differences in diet, lifestyle and genetic factors ([@b6-epj-09-5697]). In the current study, the prevalence of MS increased with age, and this increase was marked in the PCOS group compared to the NO PCOS, with statistical significance in difference for the occurrence of MS between PCOS and NO PCOS in the categories of women with older age. This was in agreement with a previous study which revealed that the risk of MS increased with age ([@b26-epj-09-5697]). In categories of BMI, the prevalence of MS showed a marked increase in the obese category in both PCOS (85%) and NO PCOS (47%) groups. This was in agreement with a previous study which revealed that the risk of MS increased with age and in the obesity category (BMI ≥30 kg/m^2^) ([@b27-epj-09-5697]). Proper investigation of the role of PCOS in developing MS requires proper management of the effect of confounding factors associated with PCOS (age and BMI). Managing the role of these factors by using longitudinal study procedure, with stratification of the target sample and/or by recruiting age and BMI matched controls, will better allow for understanding the association between MS and PCOS independently on age and BMI. In the current study, all clinical and cardio-metabolic factors in patients with MS showed statistically significant higher mean values (HDL showed a significantly lower mean value) in the PCOS group compared with the NO PCOS group, except for systolic BP blood pressure. Also, these cardio-metabolic factors showed a statistically significant higher mean distance to recommended levels compared to the NO PCOS group, except for blood pressure and FBG. This was in agreement with other studies which showed that women with PCOS have higher levels of triglycerides (TG), LDL cholesterol and total cholesterol (TC), and lower HDL cholesterol levels compared with control women ([@b28-epj-09-5697], [@b29-epj-09-5697]). Authors of related studies explained the unusual biochemical features of women with PCOS to be due to insulin resistance, which may be associated with the pathogenesis of the disease ([@b30-epj-09-5697]). In a retrospective cohort study, authors found that relative to women without PCOS, women with PCOS had a higher BMI, but were not significantly different in total cholesterol, HDL cholesterol, triglycerides, LDL cholesterol, or fasting blood glucose measurements ([@b5-epj-09-5697], [@b31-epj-09-5697]). Studying the insulin resistance state of both PCOS and NO PCOS group together with studying the clinical and biochemical characteristics in prospective studies will enable us to prove the association between PCOS and the consequent development of clinical and biochemical changes. The inability of our study to find an association between hypertension and the presence of PCOS was in agreement with results of a previous study which failed to show any association of hypertension, whether it is systolic or diastolic, during sitting or lying down between the two groups of women ([@b31-epj-09-5697]). This was in contrast to three previously conducted studies in women with and without PCOS which showed (the first was a cross sectional-study, the second was a case-control study, and the third was a review study) an elevation of blood pressure in women with PCOS ([@b32-epj-09-5697]--[@b34-epj-09-5697]), which indicates the association between hypertension and this endocrine disease. Conducting longitudinal studies in women with and without PCOS will solve this controversy by enabling us to better understand the effects of PCOS on the development of hypertension. The higher mean distance of cardio-metabolic risk factors to recommended levels in the PCOS group indicated the importance of screening using these elements for identifying women with this syndrome, for applying the proper intervention to prevent the development of MS and CVD. The higher mean difference for FBG in the NO PCOS group could be due to the greater number of diabetic cases presented in this group. In our study, weight, waist circumference, and the HDL level were found to be the predictors for the development of metabolic syndrome in the PCOS group. A study conducted for the same purpose found that BMI was one of the predictor variables for the development of MS in PCOS patients ([@b35-epj-09-5697]). Applying screening measures for women with PCOS using these simple indicators will allow for the early identification of PCOS women who have a higher risk for the development of MS and a consequently higher risk of CVD compared to those who have PCOS but with normal levels of these indicators. The risk for CVD was low as detected by the FRS, in all PCOS without MS and in all NO PCOS patients. Only 23% of patients with PCOS who have MS was shown to have a moderately high risk for the development of CVD compared to 0% in the NO PCOS with MS group. The low CVR as detected by the FRS, despite the high biochemical factors in PCOS women with MS, could be due to the relatively young age of the participated women. In the FRS model, age has the most heavily weighted variable as derived from populations that span the adult age spectrum, in younger adults (men \<45 years of age and women \<65 years of age), which makes modest elevations in risk factors to have little effect on 10-year risk ([@b36-epj-09-5697], [@b37-epj-09-5697]). Even younger adults with substantial risk factor burden (same as in our study) may still have 10-year risk estimates well below 10%, although their remaining lifetime risks may exceed 50% on the basis of these risk factors ([@b38-epj-09-5697]). The higher CVR in patients with PCOS and MS compared to their controls indicated the effects the disease imposes on the heart, and supports previous studies which stated that PCOS patients clearly present a higher risk of CVD which is linked to metabolic dysfunction due to its peculiar hormonal pattern, which is characterized by hyperandrogenism, insulin resistance, dyslipidemia, and inflammatory state ([@b10-epj-09-5697]). Follow-up studies aiming to determine the absolute risk for the development of cardiovascular events in patients with and without PCOS who have MS, could better identify the cardiovascular burden of this disease. More women in the PCOS group have clustering of 5 criteria of metabolic syndrome compared with the NO PCOS group. This supports a previous study which states that PCOS is also associated with a clustering of CVR factors ([@b39-epj-09-5697]). In fact, more rigorous cohort studies of long-term cardiovascular outcomes and clinical trials of risk factor modification are required for women with PCOS, to correctly determine the role of PCOS in the development of CVD and to assess the significance of interventions.

5. Conclusions
==============

PCOS is associated with the risk of development of metabolic syndrome (MS) which is more prevalent in the categories of old age and high BMI. Patients with PCOS and MS have more clustering of metabolic factors and have a higher risk for the development of CVD compared to their counterparts. Screening for detecting PCOS in women, and applying rigorous cohort studies are required to properly determine the role of PCOS in the development of CVD and to assess the significance of risk factor modification interventions.
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![Clustering of cardio-metabolic risk factors in PCOS and NO PCOS women who have MS](EPJ-09-5697-g001){#f1-epj-09-5697}

###### 

Distribution of MS among different age groups for women with and without PCOS.

  Age (years)     MS          PCOS (n=76); n (%)   NO PCOS (n=328); n (%)   Total (n=404); n (%)   p-value
  --------------- ----------- -------------------- ------------------------ ---------------------- ---------------------------------------------------
  15--24          Have MS     4 (5.9)              20 (29.4)                24 (35.3)              0.075[ns](#tfn1-epj-09-5697){ref-type="table-fn"}
  Don't have MS   16 (23.5)   28 (41.2)            44 (64.7)                                       
  25--34          Have MS     24 (10.9)            44 (20)                  68 (30.9)              0.000[\*](#tfn2-epj-09-5697){ref-type="table-fn"}
  Don't have MS   12 (5.5)    140 (63.6)           152 (69.1)                                      
  35--45          Have MS     16 (13.8)            40 (34.5)                56 (48.3)              0.002[\*](#tfn2-epj-09-5697){ref-type="table-fn"}
  Don't have MS   4 (3.4)     56 (48.3)            60 (51.7)                                       

, no statistical significant dependence relation between PCOS groups and MS groups at the 0.05 level.

Statistical significant dependence relationship between PCOS groups and MS groups at the 0.01 level.

###### 

Distribution of MS among studied women with different categories of BMI who have and do not have PCOS.

  BMI (kg/m^2^)   MS          PCOS (n=76); n (%)   NO PCOS (n=328); n (%)   Total (n=404); n (%)   p-value
  --------------- ----------- -------------------- ------------------------ ---------------------- ---------------------------------------------------
  \<18.5          Have MS     0.0 (0.0)            0.0 (0.0)                0.0 (0.0)              [a](#tfn3-epj-09-5697){ref-type="table-fn"}
  Don't have MS   0.0 (0.0)   8 (100)              8 (100)                                         
  18.5--24.9      Have MS     0.0 (0.0)            4 (5.6)                  4 (6.6%)               0.263[ns](#tfn4-epj-09-5697){ref-type="table-fn"}
  Don't have MS   20 (27.8)   48 (66.7)            68 (94.4)                                       
  25--29.9        Have MS     0.0 (0.0)            8 (10.5)                 8 (10.5)               0.635[ns](#tfn4-epj-09-5697){ref-type="table-fn"}
  Don't have MS   4 (5.3)     64 (84.2)            68 (89.5)                                       
  ≥30             Have MS     44 (17.7)            92 (37.1)                136 (54.8)             0.000[\*](#tfn5-epj-09-5697){ref-type="table-fn"}
  Don't have MS   8 (3.2)     104 (41.9)           112 (45.2)                                      

No statistics are computed because MS is constant.

, no statistical significant dependence relation between PCOS groups and MS groups at the 0.05 level.

Statistical significant dependence relation between PCOS groups and MS groups at the 0.01 level.

###### 

Clinical and biochemical factors associated with the presence of MS in women with and without PCOS.

  Clinical & biochemical risk factors   Women with MS (n=148)   p-value        
  ------------------------------------- ----------------------- -------------- -----------------------------------------------------
  Weight/kg                             91.6 (13.1)             83.8 (9.6)     0.000[\*\*](#tfn8-epj-09-5697){ref-type="table-fn"}
  Waist circumference                   102.2 (12.8)            96.5 (9.6)     0.003[\*\*](#tfn8-epj-09-5697){ref-type="table-fn"}
  BMI (kg/m^2^)                         37.5 (5.8)              35.0 (4.2)     0.004[\*\*](#tfn8-epj-09-5697){ref-type="table-fn"}
  HDL (mmol)                            1.0 (0.2)               1.1 (0.1)      0.000[\*\*](#tfn8-epj-09-5697){ref-type="table-fn"}
  LDL (mmol)                            3.7 (1.2)               2.9 (0.8)      0.000[\*\*](#tfn8-epj-09-5697){ref-type="table-fn"}
  TC (mmol)                             5.5 (1.2)               4.7 (0.8)      0.000[\*\*](#tfn8-epj-09-5697){ref-type="table-fn"}
  TG (mmol)                             1.8 (0.3)               1.4 (0.6)      0.000[\*\*](#tfn8-epj-09-5697){ref-type="table-fn"}
  FBS (mmol)                            6.7 (2.7)               5.9 (1.2)      0.039[\*](#tfn7-epj-09-5697){ref-type="table-fn"}
  Systolic BP                           131.6 (11.3)            134.7 (16.5)   0.270[ns](#tfn6-epj-09-5697){ref-type="table-fn"}
  Diastolic BP                          82.3 (10.1)             78.5 (7.6)     0.024[\*](#tfn7-epj-09-5697){ref-type="table-fn"}

No statistically significant difference between PCOS groups at the 0.05 level,

Statistical significant difference between PCOS groups at the 0.05 level.

Statistical significant difference between PCOS groups at the 0.01 level.

###### 

Mean distance to recommended levels of cardio-metabolic risk factors among women with MS.

  Clinical & biochemical risk factors   Women with MS (n=148)   p-value        
  ------------------------------------- ----------------------- -------------- ----------------------------------------------------
  Waist circumference                   22.18 (3.77)            16.46 (2.58)   0.000^\*\*^
  HDL (mmol)                            0.65 (0.15)             0.43 (0.12)    0.000^\*\*^
  LDL (mmol)                            1.40 (0.19)             0.70 (0.1)     0.000^\*\*^
  TC (mmol)                             1.10 (0.14)             0.74 (0.22)    0.000^\*\*^
  TG (mmol)                             0.56 (0.11)             0.45 (0.05)    0.000[\*](#tfn10-epj-09-5697){ref-type="table-fn"}
  FBS (mmol)                            1.45 (0.32)             1.5 (0.22)     0.762[ns](#tfn9-epj-09-5697){ref-type="table-fn"}
  Systolic BP (mmhg)                    13.42 (2.53)            9.27 (2.58)    0.000[\*](#tfn10-epj-09-5697){ref-type="table-fn"}
  Diastolic BP (mmhg)                   7.62 (1.07)             7.45 (1.67)    0.534[ns](#tfn9-epj-09-5697){ref-type="table-fn"}

No statistically significant difference between PCOS groups at the 0.05 level.

Statistical significant difference between PCOS groups at the 0.01level.

###### 

Factors predicting the development of MS in No PCOS women as detected by backward logistic regression

  No PCOS MODEL   B          S.E.        Wald    p-value
  --------------- ---------- ----------- ------- -----------------------------------------------------
  Weight (kg)     −6.449     205.451     0.001   0.975 [ns](#tfn11-epj-09-5697){ref-type="table-fn"}
  HDL (mmol)      1057.530   32942.823   0.001   0.974 [ns](#tfn11-epj-09-5697){ref-type="table-fn"}
  Constant        −734.548   23447.698   0.001   0.975 [ns](#tfn11-epj-09-5697){ref-type="table-fn"}

No statistical significant indicators of MS at the 0.05 level.

###### 

EXP (B) Factors predicting the development of MS in PCOS women as detected by backward logistic regression

  PCOS MODEL    B        S.E.    Wald     p-value
  ------------- -------- ------- -------- ------------------------------------------------------
  Weight (kg)   −0.033   0.017   3.871    0.049[\*](#tfn12-epj-09-5697){ref-type="table-fn"}
  WC            −0.058   0.018   10.161   0.001[\*\*](#tfn13-epj-09-5697){ref-type="table-fn"}
  HDL (mmol)    6.713    0.971   47.833   0.000[\*\*](#tfn13-epj-09-5697){ref-type="table-fn"}
  Constant      11.795   2.768   18.164   0.000[\*\*](#tfn13-epj-09-5697){ref-type="table-fn"}

statistical significant indicators of MS at the 0.05 level.

statistical significant indicators of MS at the 0.01 level.
